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©  Method  and  apparatus  for  A/D  and  D/A  conversion. 
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©  Todays  consumer  video  A/D  and  D/A  converters 
or  other  digital  video  processing  systems  are  re -  
stricted  to  8  -bit  resolution.  The  quantizing  noise 
introduced  in  these  systems  can  result  in  visible 
artefacts  in  gradually  shaped  areas  of  an  image  or 
can  lead  in  applications  based  on  some  critical  al  -  
gorithms  to  very  severe  distortions. 
It  is  known  to  use  a  dither  signal  for  masking  con  -  
touring  or  correlation  effects  by  adding  a  non  -  
correlated  noise  signal  to  the  video  signal  prior  to 
A/D  conversion. 
For  achieving  an  increased  bit  resolution  for  a  given 
A/D  or  D/A  converter,  a  special  multilevel  dither 
signal  in  conjunction  with  multiple  oversampling  is 
added  to  the  bandlimited  analog  input  signal  which 
is  afterwards  converted  with  a  clock  rate  of  n*fs  and 
to  the  digital  input  signal,  respectively. 
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The  present  invention  relates  to  a  method  and 
to  an  apparatus  for  A/D  and  D/A  conversion. 

Background 

Todays  consumer  video  A/D  and  D/A  convert  -  
ers  or  other  digital  video  processing  systems  are 
restricted  to  8  -bit  resolution.  The  quantizing  noise 
introduced  in  these  systems  can  result  in  visible 
artefacts  in  gradually  shaped  areas  of  an  image  or 
can  lead  in  applications  based  on  some  critical 
algorithms  to  very  severe  distortions. 
It  is  known  to  use  a  dither  signal  for  masking 
contouring  or  correlation  effects  by  adding  a  non  -  
correlated  noise  signal  to  the  video  signal  prior  to 
A/D  conversion. 

Invention 

It  is  one  object  of  the  invention  to  disclose  an 
improved  method  for  A/D  conversion.  This  object  is 
reached  by  the  inventive  method  disclosed  in  claim 
1. 

In  principle  this  inventive  method  consists  in  an 
improvement  of  the  bit  resolution  of  an  A/D  con  -  
version  with  an  effective  sampling  frequency  fs  of 
the  digital  output  signal,  characterized  in  that  a  D/A 
converted  periodic  signal  with  'n'  steps  and  a 
sampling  frequency  of  n*fs  is  added  to  the  analog 
signal  prior  to  said  A/D  conversion  with  'm'  bit 
resolution  and  a  sampling  frequency  of  n*fs  and 
that  the  A/D  converted  digital  signal  is  filtered  to  an 
output  signal  with  m  +  n  bits  resolution  and  sub  -  
sampled  with  said  effective  sampling  frequency 
fs,whereby  the  response  of  said  filtering  has  high 
attenuation  or  zero  crossings  at  multiples  of  said 
effective  sampling  frequency  fs,  except  for  fre- 
quencies  m*n*fs,  m  =  0,  ±1,  ±2,  ±3  and 
whereby  the  amplitude  of  said  periodic  signal 
equals  the  amplitude  of  the  LSB  of  said  A/D  con  -  
version. 

Advantageous  additional  embodiments  of  this 
inventive  method  are  resulting  from  the  respective 
dependent  claim. 

It  is  a  further  object  of  the  invention  to  disclose 
an  improved  method  for  D/A  conversion.  This  ob-  
ject  is  reached  by  the  inventive  method  disclosed 
in  claim  2. 

In  principle  this  inventive  method  consists  in  a 
D/A  conversion  with  improvement  of  the  bit  reso  -  
lution  and  an  effective  sampling  frequency  fs  of  the 
digital  input  signal,  characterized  in  that  said  input 
signal  has  a  resolution  of  m  +  n  bits  and  is  over- 
sampled  with  a  frequency  of  n*fs  and  interpolated 
and  added  to  a  periodic  signal  with  'n'  steps  and  a 
sampling  frequency  of  n*fs,  and  that  the  sum  signal 
with  m  +  n  bit  resolution  is  quantized  to  a  signal 
with  the  'm'  most  significant  bits,  which  is  D/A 

converted  with  'm'  bit  resolution  and  a  sampling 
frequency  of  n*fs,  whereby  the  amplitude  of  said 
periodic  signal  equals  the  amplitude  of  the  LSB  of 
said  A/D  conversion. 

5  Advantageous  additional  embodiments  of  this 
inventive  method  are  resulting  from  the  respective 
dependent  claim. 

It  is  a  further  object  of  the  invention  to  disclose 
an  apparatus  which  utilizes  the  inventive  A/D  con  -  

io  version  method.  This  object  is  reached  by  the 
inventive  A/D  converter  disclosed  in  claim  4. 

In  principle  the  inventive  A/D  converter  consists 
of  a  summing  circuit  which  receives  the  analog 
input  signal  and  the  output  signal  of  a  D/A  con  -  

75  verter  which  works  with  a  clock  frequency  of  n*fs,  of 
an  A/D  converter  with  'm'  bits  resolution  which 
oversamples  with  a  sampling  frequency  n*fs  and 
which  is  connected  to  the  output  of  said  summing 
circuit,  of  a  conversion  filter  connected  to  the  out- 

20  put  of  said  A/D  converter  which  adds  'n'  bits  to  the 
'm'  input  bits  and  which  has  high  attenuation  or 
zero  crossings  at  multiples  of  said  effective  sam  -  
pling  frequency  fs,  except  for  frequencies  m*n*fs,  m 
=  0,  ±1,  ±2,  ±3  of  a  following  subsampler  with 

25  a  factor  of  'n'  which  outputs  a  digital  signal  with 
m  +  n  bits  resolution  and  a  clock  frequency  fs,  and 
of  a  periodic  signal  generator  which  is  connected 
to  the  input  of  said  D/A  converter,  whereby  the 
amplitude  of  the  periodic  signal  generated  in  said 

30  periodic  signal  generator  equals  the  amplitude  of 
the  LSB  of  said  A/D  converter. 

Advantageous  additional  embodiments  of  this 
A/D  converter  are  resulting  from  the  respective 
dependent  claim. 

35  It  is  a  further  object  of  the  invention  to  disclose 
an  apparatus  which  utilizes  the  inventive  D/A  con  -  
version  method.  This  object  is  reached  by  the 
inventive  D/A  converter  disclosed  in  claim  5. 

In  principle  the  inventive  D/A  converter  consists 
40  of  an  over  -sampler  which  receives  a  digital  signal 

with  a  clock  frequency  of  fs  and  a  m  -  bit  resolution 
and  which  generates  a  signal  with  a  clock  rate  n*fs, 
of  a  following  conversion  filter  which  interpolates 
the  new  samples  generated  in  said  oversampler 

45  and  outputs  a  signal  with  m  +  n  bits  resolution,  of 
an  adder  which  adds  a  periodic  signal  with  n  bits 
resolution  and  n*fs  clock  frequency  generated  in  a 
periodic  signal  generator  to  the  output  signal  of 
said  conversion  filter,  of  a  following  quantizer  which 

50  takes  the  'm'  most  significant  bits  from  the  output 
signal  of  said  adder,  of  a  following  D/A  converter 
with  a  clock  frequency  n*fs  and  a  m-bit  resolution, 
whereby  the  amplitude  of  the  periodic  signal  gen  -  
erated  in  said  periodic  signal  generator  equals  the 

55  amplitude  of  a  half  LSB  of  said  D/A  converter. 
Advantageous  additional  embodiments  of  this 

D/A  converter  are  resulting  from  the  respective 
dependent  claim. 
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For  achieving  an  increased  bit  resolution  for  a 
given  A/D  or  D/A  converter,  a  special  multilevel 
dither  signal  in  conjunction  with  multiple  oversam  -  
pling  is  added  to  the  bandlimited  analog  input 
signal  which  is  afterwards  converted  with  a  clock 
rate  of  n*fs  and  to  the  digital  input  signal,  respec- 
tively. 

Drawings 

Preferred  embodiments  of  the  invention  will 
now  be  described  with  reference  to  the  accom  -  
panying  drawings,  in  which: 

Fig.  1  shows  generally  a  digital  video  pro- 
cessing  system; 

Fig.  2  shows  the  special  multilevel  dither 
signal; 

Fig.  3  depicts  an  inventive  A/D  converter; 
Fig.  4  shows  the  features  of  a  conversion 

filter; 
Fig.  5  depicts  an  inventive  D/A  converter; 
Fig.  6  gives  an  illustration  of  the  inventive 

conversion. 

Preferred  embodiments 

In  Fig.  1  an  analog  input  signal  10  becomes 
A/D  converted  in  an  A/D  converter  11  which  out- 
puts  respective  digital  signals  with  8  -  bit  resolu  -  
tion.  The  digital  signals  are  processed  in  a  digital 
unit  12  and  fed  with  8  -bit  resolution  to  an  D/A 
converter  14  which  outputs  analog  output  signals 
15.  A/D  converter  11,  digital  unit  12  and  D/A  con- 
verter  14  are  controlled  with  a  clock  fs  coming  from 
a  clock  generator  13. 

The  special  dither  signal  in  Fig.  2  is  repre- 
sented  by  a  staircase  ramp  signal  21  with  an 
maximum  amplitude  20  equalling  a  half  LSB  (least 
significant  bit)  amplitude  of  the  A/D  or  D/A  con  -  
verter  used.  The  clock  1/(n*fs)  of  the  dither  signal  is 
n  times  higher  than  the  sampling  clock  fs  neces- 
sary  to  fulfill  the  sampling  theorem  for  the  analog 
input  signal.  The  sequence  of  the  staircase  steps 
can  also  be  arranged  in  another  way. 
The  term  'dither'  signal  used  in  this  context  differs 
from  the  normal  applications  of  dither  signals  used. 

In  Fig.  3  the  inventive  A/D  converter  receives 
an  analog  input  signal  30  which  is  filtered  in 
lowpass  filter  31  with  a  cut  frequency  fco,  fco   ̂ 2*fs. 
The  output  signal  of  this  filter  is  fed  to  the  first 
input  of  a  summing  circuit  32.  The  output  of  this 
circuit  is  connected  to  an  A/D  converter  33  which 
oversamples  with  factor  'n'.  The  8  -bit  output  sig- 
nal  is  filtered  in  a  conversion  filter  34  which  adds  n 
bits  to  the  eight  input  bits,  resulting  in  a  word  size 
of  8  +  n  bits.  Conversion  filter  34  has  a  frequency 
response  as  indicated  in  Fig.  4.  The  8  +  n  bit  output 
signal  of  filter  34  is  sampled  in  subsampler  35  with 

a  factor  of  'n'. 
In  an  n  -  bit  counter  37  a  staircase  dither  signal  is 
generated  and  fed  via  D/A  converter  36  to  the 
second  input  of  summing  circuit  32.  A  clock  gen  -  

5  erator  38  provides  subsampler  35  with  the  clock 
frequency  fs  and  the  conversion  filter  34,  A/D  con  -  
verter  33,  counter  37  and  D/A  converter  36  with  the 
clock  frequency  n*fs.  The  output  signal  39  of  sub  -  
sampler  35  has  a  resolution  of  8  +  n  bits. 

io  The  response  of  conversion  filter  34  in  Fig.  4 
must  have  a  high  attenuation  or,  better,  zero 
crossings  at  multiples  of  frequency  fs,  except  for 
frequencies  m*n*fs,  m  =  0,  ±1,  ±2,  ±3  Since 
the  input  video  signal  has  been  n  times  over- 

15  sampled  the  filter  output  signal  can  be  down  sam  -  
pled  afterwards  without  losing  the  increased  bit 
resolution. 

Fig.  6  will  be  used  for  a  better  understanding  of 
the  inventive  idea.  The  conversion  curve  is  d e -  

20  picted  in  the  domain  'quantized  amplitude'  601 
over  'input  amplitude'  602  of  the  A/D  converter. 
The  video  signal  is  assumed  to  have  a  DC  input 
level  62.  By  means  of  a  two  level  (1  bit)  dither 
signal  63  with  a  peak  -to  -peak  amplitude  of  1/2 

25  LSB  of  the  succeeding  A/D  converter  the  bit  reso  -  
lution  of  the  A/D  conversion  can  be  increased  by  1 
bit.  Due  to  the  superimposed  dither  signal  63  the 
unfiltered  output  signal  64  of  the  A/D  converter  will 
vary  in  its  amplitude  by  one  bit,  if  the  DC  level  62 

30  of  the  input  signal  63  is  smaller  than  1/4  LSB  or 
greater  than  3/4  LSB  within  the  corresponding 
quantizing  interval.  In  Fig.  6  the  DC  level  62  is 
assumed  to  be  greater  than  3/4  LSB  within  the 
corresponding  quantizing  interval.  That  leads  to  an 

35  oscillation  of  the  output  signal  with  a  peak- to -  
peak  value  of  1  LSB.  The  following  conversion 
filtering  will  completely  suppress  this  oscillation 
due  to  its  zero  crossings  in  the  frequency  re -  
sponse.  The  resulting  output  signal  can  than  supply 

40  an  intermediate  DC  level  61  which  corresponds 
with  an  increased  resolution  by  1  bit. 

The  inventive  D/A  converter  in  Fig.  5  receives  a 
digital  input  signal  50  with  8  +  n  bit  resolution.  In 
oversampler  51  this  signal  is  sampled  with  a  clock 

45  rate  n  times  higher  than  before.  The  new  samples 
are  interpolated  in  a  conversion  filter  52  which 
outputs  8  +  n  bit  words.  In  adder  53  a  special  n-bit  
multilevel  dither  signal  according  to  Fig.  2  and 
generated  in  n  -  bit  counter  58  is  added  to  the 

50  output  signal  of  filter  52.  A  quantizer  54  takes  the 
eight  most  significant  bits  from  each  8  +  n  bit  word 
and  is  connected  with  its  output  to  D/A  converter 
55.  The  following  analog  lowpass  filter  56  sup-  
presses  in  the  output  signal  59  all  the  harmonics 

55  introduced  by  the  dither  signal. 
A  clock  frequency  n*fs,  which  can  be  generated  in  a 
frequency  multiplier  57  from  the  clock  frequency  fs, 
is  fed  to  oversampler  51,  conversion  filter  52, 

3 
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counter  58,  quantizer  54  and  D/A  converter  55. 
The  invention  can  be  applied  e.g.  to  digital 

SECAM  decoding  in  TV  receivers  or  VCR's,  in 
which  a  composite  signal  is  converted  to  8  -bit 
words.  The  FM  modulated  colour  subcarrier  with  its  5 
small  amplitude,  which  is  included  in  the  composite 
signal,  is  subjected  to  a  high  degree  of  quantizing 
noise.  This  poses  serious  problems  for  the  FM 
demodulation  and  results  in  'coloured  fishes'  in  the 
reconstructed  pictures.  To  overcome  the  perceived  10 
inadequacy  of  the  8  -bit  quantization  a  word  size  is 
necessary  large  enough  to  ensure  that  the  noise 
generation  is  insignificant  in  the  normal  processing 
and  that  the  maintenance  of  the  quality  is  given 
also  in  critical  conditions.  Also  for  other  TV  stan  -  is 
dards,  e.g.  PAL  and  NTSC,  the  invention  can  be 
applied. 

Claims 
20 

1.  Method  for  A/D  conversion  with  improvement 
of  bit  resolution  and  an  effective  sampling  fre  -  
quency  fs  of  the  digital  output  signal  (39), 
characterized  in  that  a  D/A  converted  (36) 
periodic  signal  (21)  with  'n'  steps  and  a  sam-  25 
pling  frequency  of  n*fs  is  added  (32)  to  the 
analog  signal  prior  to  a  A/D  conversion  (33) 
with  'm'  bit  resolution  and  a  sampling  fre- 
quency  of  n*fs  and  that  the  A/D  converted 
digital  signal  is  filtered  (34)  to  an  output  signal  30 
with  m  +  n  bits  resolution  and  subsampled  (35) 
with  said  effective  sampling  frequency  fs, 
whereby  the  response  of  said  filtering  has  high 
attenuation  or  zero  crossings  at  multiples  of 
said  effective  sampling  frequency  fs,  except  for  35 
frequencies  m*n*fs,  m  =  0,  ±1,  ±2,  ±3  and 
whereby  the  amplitude  (20)  of  said  periodic 
signal  (21)  equals  the  amplitude  of  the  LSB  of 
said  A/D  conversion  (33). 

2.  Method  for  D/A  conversion  with  improvement 
of  bit  resolution  and  an  effective  sampling  fre  -  
quency  fs  of  the  digital  input  signal  (50), 
characterized  in  that  said  input  signal  (50) 
has  a  resolution  of  m  +  n  bits  and  is  over  -  
sampled  (51)  with  a  frequency  of  n*fs  and 
interpolated  (52)  and  added  (53)  to  a  periodic 
signal  (21)  with  'n'  steps  and  a  sampling  fre- 
quency  of  n*fs,  and  that  the  sum  signal  with 
m  +  n  bit  resolution  is  quantized  (54)  to  a  signal 
with  the  'm'  most  significant  bits,  which  is  D/A 
converted  (55)  with  'm'  bit  resolution  and  a 
sampling  frequency  of  n*fs,  whereby  the  am  -  
plitude  (20)  of  said  periodic  signal  (21)  equals 
the  amplitude  of  the  LSB  of  said  A/D  conver- 
sion  (55). 

3.  Method  according  to  claim  1  or  2,  character- 
ized  in  that  said  periodic  signal  (21)  is  a 
staircase  ramp  signal. 

5  4.  Apparatus  for  A/D  conversion  according  to 
claim  1  or  3,  consisting  of  a  summing  circuit 
(32)  which  receives  the  analog  input  signal  (30) 
and  the  output  signal  of  a  D/A  converter  (36) 
which  works  with  a  clock  frequency  of  n*fs,  of 

io  an  A/D  converter  (33)  with  'm'  bits  resolution 
which  oversamples  with  a  sampling  frequency 
n*fs  and  which  is  connected  to  the  output  of 
said  summing  circuit  (32),  of  a  conversion  filter 
(34)  connected  to  the  output  of  said  A/D  con  -  

is  verter  (33)  which  adds  'n'  bits  to  the  'm'  input 
bits  and  which  has  high  attenuation  or  zero 
crossings  at  multiples  of  said  effective  sam  -  
pling  frequency  fs,  except  for  frequencies 
m*n*fs,  m  =  0,  ±1,  ±2,  ±3  of  a  following 

20  subsampler  (35)  with  a  factor  of  'n'  which  out- 
puts  a  digital  signal  with  m  +  n  bits  resolution 
and  a  clock  frequency  fs,  and  of  a  periodic 
signal  generator  (37)  which  is  connected  to  the 
input  of  said  D/A  converter  (36),  whereby  the 

25  amplitude  (20)  of  the  periodic  signal  (21)  gen  -  
erated  in  said  periodic  signal  generator  (37) 
equals  the  amplitude  of  a  half  LSB  of  said  A/D 
converter  (33). 

30  5.  Apparatus  for  D/A  conversion  according  to 
claim  2  or  3,  consisting  of  an  oversampler  (51) 
which  receives  a  digital  signal  with  a  clock 
frequency  of  fs  and  a  m  -  bit  resolution  and 
which  generates  a  signal  with  a  clock  rate  n*fs, 

35  of  a  following  conversion  filter  (52)  which  in  -  
terpolates  the  new  samples  generated  in  said 
oversampler  (51)  and  outputs  a  signal  with 
m  +  n  bits  resolution,  of  an  adder  (53)  which 
adds  a  periodic  signal  with  n  bits  resolution 

40  and  n*fs  clock  frequency  generated  in  a  peri  -  
odic  signal  generator  (58)  to  the  output  signal 
of  said  conversion  filter  (52),  of  a  following 
quantizer  (54)  which  takes  the  'm'  most  sig  -  
nificant  bits  from  the  output  signal  of  said 

45  adder  (53),  of  a  following  D/A  converter  (55) 
with  a  clock  frequency  n*fs  and  a  m  -  bit  reso  -  
lution,  whereby  the  amplitude  (20)  of  the  peri  -  
odic  signal  (21)  generated  in  said  periodic 
signal  generator  (58)  equals  the  amplitude  of  a 

50  half  LSB  of  said  D/A  converter  (55). 

6.  Apparatus  according  to  claim  4  or  5,  char-  
acterized  in  that  said  periodic  signal  gener- 
ator  (37,  58)  is  a  n  -  bit  counter. 

55 
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